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Parameter Set: LER Parameter Set: LER vsvs SPSSPS
Parameter Units LER SPS

Inj./top energy E inj/top, TeV 0.45/1.5 0.026/0.45
Circumference C, km 26.659 6.916
Bunches/buckets B, h RF 2808/35640 288/4620
P/bunch N p, 10**9 115 115
Tune ν 64.31/59.32 ~26.6
Slip factor η 0.00032 0.00186
Beta av/max/min β, m 66/182/31 ~41
Pipe ½ size a/b, mm 14/21 22.5/70
Transv. Emitt εT, π urad, rms 3.5 3.5
Ave/bunch current IB,   mA,/Ib, mA 580/0.2 230/0.8
RF frequency f RF, MHz 400 200/800
RF Voltage (inj) URF, MV 8 4/1
Synchr. tune (inj) ν s 0.0031 0.0069
Bunch length (inj) σs cm, rms 13 110
Dp/p, rms (inj) dP/P 0.0003 0.007

T.Sen, this Workshop
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LER Magnet and Beam PipeLER Magnet and Beam Pipe

Aluminum beam pipe – for smaller impedance
Copper coated (~50 um) – for e-cloud suppr.

H.Piekarz, this Workshop
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HeadHead--Tail Instability in Tail Instability in TevatronTevatron
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Amplitude of the dipole moment vertical 
oscillations  for the head-tail mode with 

monopole longitudinal configuration
at the negative chromaticity (max 4-10 mm)

E=150 GeVStability regions vs
Vert and Hor Chromaticities: 
before – 1    and 
after    - 3
Screening injection Lambertsons

P.Ivanov, V,Shiltsev PAC’05

V.Ranjbar PAC’03, ‘05
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There are many headThere are many head--tail modestail modes……

A.Burov, V.Lebedev HB-2006
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HeadHead--tail in SPStail in SPS

E.Shaposhnikova, Arcidosso’05
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Weak/Strong HeadWeak/Strong Head--Tail InstabilityTail Instability
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“Strong head-tail” occurs at zero Q’ , in contrast to “weak head-tail” which depends on chromaticity. 
Frequencies of coherent bunch motion (mode 0) and head-tail motion (mode 1) are shifted by transverse 
wide-band impedance toward each other. Above a threshold the frequencies become equal and 
instability occurs with characteristic growth time of a fraction of synchrotron period (see cartoon and 
figure). 

The TMCI due to RW impedance (LF) has a threshold of:

Protons/bunch, Np/109 115
LER TMCI Threshol 770     a=14mm
SPS TMCI Threshold 260

*not taking into account impedance coming from kickers, 
lambertsons, bellows, RF, BPMs (i.e. “not Resistive Wall”) 

)/( PdPξ
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Space Charge is not a problems for LER Space Charge is not a problems for LER dQdQ=2e=2e--44
……while it is a problem in SPS at injection:while it is a problem in SPS at injection:

E.Shaposhnikova, Arcidosso’05
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Resistive Wall Coupled BunchResistive Wall Coupled Bunch

NRW
Einj a3

eIB Z0 β

2 π Δνβ σAl

cR3
.

This effect is proportional to the total beam current 
and is driven by the low-frequency transverse 

impedance due to final conductivity of the beam pipe 
walls. Instability growth time in number of turns is

LER I_b=580mA N_rw=52 turns     

SPS I_b=230mA N_rw=69 turns
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Image currents Image currents LaslettLaslett tune shifttune shift

IRON
POLE TIP 
SEQUENCE

ALUMINUM
BEAM PIPE

Magnetic field distribution caused by beam pipe eddy currents following ten 20 μsec 
bunches with current 0.19 A. It is predominantly a quadrupole field.  This field is 
normally superimposed on  the much larger main dipole field of the magnet.

Beam current, mA 190  175 
RW increment, turns 0.54 56

Simulations performed by V.Kashikhin and W.Foster for VLHC –
This and next 4 slides
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dQdQ has DC and AC components has DC and AC components ……
Tune Shift vs. Time

With Machine Half Full
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STANDARD 
FILLING 
SEQUENCE

Laslett Tune Shifts with Stage 1 VLHC Half Full: Standard filling 
sequence for which the beam current is a 50% duty cycle square wave 
when the machine is half full.  This generates a large AC component 
to the tune shift.
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Standard Standard vsvs Optimal Loading patternOptimal Loading pattern
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……dependent on current loadingdependent on current loading……
Tune Shift vs. Time

With Machine Half Full
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BALANCED 
FILLING 
SEQUENCE

Balanced filling sequence which spreads the charge evenly around the circumference and yields a smaller AC component to the tune shift.  
Filling is in units of 20usec “batches” from the Tevatron. A total of 40 batches are required.
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Compensate remaining Compensate remaining dQdQ AC quadsAC quads
6.6 cm Laslett Correction Quad Parameters

Gradient 1.55 T/m

Length 0.3 m

Number Required 2

Width, Height 6.6 cm (square)

Beam Pipe 28mm Round SS

Operating Current ±62.5 Amps

DC Resistance 0.011 Ohm

RMS Power  
(Ohmic)

~20 W

Number of turns 2/pole

Inductance 18.8 μH

Rise Time (0-100%) 30 μsec

Inductive Voltage ± 39 V

Pole Tip Fields 0.025T

Magnetic Material Ferrite

Laslett Correction Quadrupoles: Cross section and parameters. 
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Electron CloudElectron Cloud

F.Zimmermann Chamonix -?? (2004?)
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Beam Stability Comparison TableBeam Stability Comparison Table
LER SPS TeV VLHC

TMCI e9
Nthr/Nnom

770/115 260/115 1500/300 28/25

Space-
charge dQ 0.0002 0.05 0.001 0

Res Wall
Nturns

~50 ~70 1800 1

AC tune e-3
max/comp 24/2 3 0.4 200/20

E-cloud
wrt SPS

~1 1 0.12 0.3
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Possible Cures/ImprovementsPossible Cures/Improvements
TMCI and weak-head tail

running at higher Q’ for short time should not 
hurt much
Cu or Ag coating x1.3
Tev-like b-by-b feedback will help to x2

Electron cloud
Cu coating and Scrubbing 
Ribbed or scratched surface

Coupled bunch
can be suppressed by FB system 
even at x2 the intensity

AC tune shift of 0.024 is unacceptable 
needs “wise” loading
or AC quad
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SummarySummary
Instability-wise, LER-LHC is somewhere in 
between Tevatron (not much of trouble) and 
VLHC (a lot of trouble)

Comparable to SPS in
• Resistive Wall coupled bunch 
• e-cloud

have potential advantages in 
• Space-charge
• TMCI and weak-head tail

significantly higher AC dQ can be compensated 
by ”wise” loading pattern

With certain cares, LER-LHC may be able to 
handle twice the bunch/total current:

a=14 mm Al(Cu, Ag) beam pipe is a must
Other impedances have to be minimized
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Resistive Wall Coupled BunchResistive Wall Coupled Bunch

Coalescing at top energy 2 9

Thin Cu, Ag coating 1.3

Asymmetric beam pipe 1.5 3

RF quadrupole
5

AC chromaticity
5 10

Feedback system
5 more
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Feedback Systems for LERFeedback Systems for LER
FB to damp resistive wall coupled bunch
and injection errors: high gain

narrow band 100 kHz

Wide-band FB to damp the rest of 
bunch to bunch modes: one turn delay

26 MHz band (2/bunch spacing)
•Head –tail (TMCI) feedback: small gain

mode 0: band 26 MHz
mode 1: bandwidth 3 GHz

FB to suppress emittance growth
•Longitudinal feedbacks
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